We analyzed mortality among 201 patients with AIDS and tuberculosis in Haiti. Patients who received a diagnosis of tuberculosis during the first 3 months after the initiation of antiretroviral therapy were 3.25 times more likely to die than were other patients with AIDS and tuberculosis. Failure to recognize active tuberculosis at initiation of antiretroviral therapy leads to increased mortality.
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The incidence of tuberculosis (TB) is high among patients during the 3-month period after initiation of antiretroviral therapy (ART) in resource-poor settings because of subclinical TB that is unmasked with reconstitution of the immune system and because of more-intensive clinical surveillance and care [1, 2] . TB often goes undetected before ART initiation because of the low sensitivity of available diagnostic tests and the nonspecific symptoms of patients who have advanced AIDS [3] . We hypothesized that these patients with subclinical TB at ART initiation have high mortality rates because of the delays in diagnosis of TB and in initiation of anti-TB therapy. Therefore, we conducted a study to compare the mortality of patients who received a diagnosis of TB during the first 3 months after ART initiation with the mortality of other patients with AIDS and active TB.
METHODS
Study setting. The study was conducted at the Groupe Haitien d'Etude du Sarcome de Kaposi et des Infections Opportunistes (GHESKIO) Center in Port-au-Prince, Haiti. Three percent of the adult population of Haiti is estimated to be infected with HIV; the prevalence of TB is 405 cases per 100,000 people [4] . Patients with AIDS at GHESKIO are treated according to the recommendations of the World Health Organization (WHO) [5] . ART treatment protocols and outcomes have been described elsewhere [6] . All patients who present with cough are screened for TB with acid-fast bacilli testing of 3 sputum smears and examination of a chest radiograph. If screening findings are negative but TB is suspected, mycobacterial culture of sputum is performed on solid media.
Patients with AIDS and active TB receive an efavirenz-based ART regimen and the standard 6-month TB treatment protocol recommended by the WHO (isoniazid, rifampin, ethambutol, and pyrazinamide daily for 2 months followed by isoniazid and rifampin daily for 4 months). ART is initiated 2-8 weeks after starting TB therapy for patients with CD4 cell counts !200 cells/mm 3 ; for patients with advanced AIDS or CD4 cell counts !50 cells/mm 3 , ART is started at the same time as TB therapy [5] . This is earlier than some programs, which defer ART until patients receiving a TB regimen are stable. Study population. We included all patients aged у13 years who received a diagnosis of active TB from 1 March 2003 through 30 June 2006 and who were already receiving ART or met WHO criteria for initiation of ART (i.e., an AIDS-defining illness or CD4 cell count !200 cells/mm 3 ). For the diagnosis of pulmonary TB, we used the case definition of the American Thoracic Society, as described elsewhere [7] . Diagnosis of TB requires symptoms consistent with TB and microbiologic confirmation of disease or symptoms, chest radiograph findings consistent with TB, and a positive response to anti-TB therapy [8] . The diagnosis of extrapulmonary TB was based on microbiologic confirmation and/or histopathological findings. Patients were divided into 3 groups on the basis of the relative timing of ART initiation and TB diagnosis: (1) active TB diagnosis received before ART initiation, (2) TB diagnosis received in the first 3 months after ART initiation, and (3) TB diagnosis received after 3 months of ART.
Statistical analysis. Data were analyzed using SAS, version 9.1 (SAS Institute). The primary study outcome was death while receiving TB therapy. The x 2 test or Fisher's exact test were used to compare proportions and the Wilcoxon rank-sum test , by log-rank test. P ! .001 was used to compare medians. All statistical tests were 2-sided with . Variables with in univariate analyses were a p 0.05 P ! .10 included in the multivariate analyses. Logistic regression with a stepwise selection method was used to determine predictors of death during receipt of TB therapy. We also performed Kaplan-Meier survival analysis. Patients were followed up for 1 year after starting TB therapy, and groups were compared with use of the log-rank test. The study was approved by the institutional review boards of GHESKIO, Cornell Medical College, and Brigham and Women's Hospital.
RESULTS

From March 2003 through June 2006, 1775 patients aged у13
years received a diagnosis of TB at GHESKIO; 895 (50%) of these patients were HIV infected. Of the HIV-infected patients with TB, 201 patients had AIDS at the time of TB diagnosis. One hundred four patients met the WHO criteria for initiation of ART but had not yet started ART when the TB diagnosis was made. There were 49 patients who had received ART for !3 months when the TB diagnosis was made and 48 patients who had received ART for у3 months at the time of TB diagnosis.
Characteristics and TB treatment outcomes of the 3 treatment groups are listed in table 1. Of note, patients who received a diagnosis within 3 months after ART initiation (the group with the highest mortality) had CD4 cell counts that were higher (median CD4 cell count, 134 cells/mm 3 ). In multivariate analysis of the 201 P ! .001 patients, predictors of death while receiving TB treatment included receipt of TB diagnosis during the first 3 months after ART initiation (OR, 3.25; 95% CI, 1.23-8.55;
) and a P p .017 CD4 cell count !50 cells/mm 3 (OR, 3.05; 95% CI, 1.16-8.00; ). Figure 1 shows the Kaplan-Meier curves comparing P p .023 survival among the 49 patients who received a TB diagnosis during the first 3 months after ART initiation with the survival among the other 152 patients with AIDS and TB.
Of the 49 patients who received a TB diagnosis during the first 3 months after ART initiation, 23 (47%) had cough at the time that ART was started; all had smear results negative for acid-fast bacilli. Four of the patients with cough had normal chest radiograph findings. Five of the patients with cough had chest radiographs that were reported to reveal bacterial pneumonia, and they were treated with ART and antibiotics while mycobacterial culture of sputum was underway. Fourteen of the patients with cough did not have a chest radiograph obtained at ART initiation because of physician or clinic error, patient nonadherence, or radiograph equipment failure on the day that the patient was seen. Twenty (41%) of the 49 patients had fever at ART initiation, and 20 (41%) had significant weight loss. Thirteen patients (27%) had no cough, no fever, and no weight loss at ART initiation.
DISCUSSION
Patients with AIDS who receive a diagnosis of TB during the first 3 months after ART initiation had a mortality rate of 27%, which was 3 times higher than that among other patients with AIDS and TB. Some patients likely had active TB at the time of ART initiation that was only diagnosed when TB was unmasked with reconstitution of the immune system or when more-intensive clinical surveillance detected the disease [9] . We believe that the delay in diagnosis and treatment contributed to the high mortality. Active TB that is not recognized when ART is started may, in part, explain the high early mortality observed among patients with AIDS in resource-poor settings [10] .
Moore et al. [11] found a similar mortality rate (26%) among patients in Uganda who received a diagnosis of TB within 3 months after starting ART, but they also reported high mortality rates among other patients with AIDS and active TB. Several other studies have reported TB outcomes among HIV-infected patients in resource-constrained settings, but they did not report rates specifically for patients who received a diagnosis within 3 months after starting ART [1, 11, 12] .
Assiduous attention to the diagnosis of TB is critical when starting antiretroviral therapy in resource-poor settings. We believe that all patients starting ART in resource-poor countries should undergo a complete evaluation for TB. Patients with worsening symptoms soon after initiating ART should be promptly reevaluated. In patients with any indication or risk of active TB, empiric treatment should be considered, particularly because several studies have shown that immunological and virological responses to ART are not adversely affected by TB treatment [1, 13] . Earlier ART initiation may also decrease the occurrence of subclinical TB.
In conclusion, TB is associated with a high mortality rate when it is diagnosed in the first 3 months after ART initiation. Many of these cases are attributed to subclinical TB that is not recognized at the time of ART initiation. A diagnostic workup for TB in all patients starting ART in resource-poor settings and empiric treatment for those who are at risk for TB is recommended.
